Abstract-The characteristic of traffic flow on highway is analyzed in this paper firstly. According to Catastrophe Theory, the function of occupancy time and volume is established. Then a highway traffic incident detection method based on Lipschitz exponent is advanced by using Wavelet Theory, whose core is to judge the singular points of traffic flow accurately. When the value of Lipschitz exponent is near to "one", the singularity character of traffic flow function is in the pink and the probability of traffic incident is more. Take the data of Changchanghighway as an example, the superiority of the new method advanced is testified. The result shows that the false alarm rate is only 2.1% and the delay time is 12mins, when the detection rate is 95%.
I. INTRODUCTION
Highway incident is the main reason induces occasional congestion. If we want to control the occasional congestion, the first job we should do is to complete the detection timely and accurately. Ref. [1] , Ref. [2] and Ref. [3] told us the whole traffic incident detection methods could be sorted two classifications, one is named direct methods, and another is named indirect methods. Video equipment is used to observe the state of traffic flow and judge the character of traffic incident in direct methods. The false alarm rate of this method is zero, but the cost of it is too high because the coverage of video equipments is large. While the indirect method is the one that uses a detection algorithm based on traffic flow sets to judge the traffic congestion. In order to reduce the false alarm rate of the indirect detection method, the information about traffic incident offered by the closed circuit TV, emergency call and patrol agent could be used together with the result of algorithm. As so far, there are four algorithms about highway traffic incident detection algorithm, according to Ref. [4] . They are pattern recognition algorithm, statistical forecast algorithm, catastrophe theory algorithm, neural network algorithm. Pattern recognition algorithm and statistical forecast algorithm is reliable, but they need a large number of pattern character model. Catastrophe theory algorithm and neural network algorithm is unstable if the state of traffic flow is unstable, and they need to establish model for each section based on Ref. [5] and Ref. [6] . In this paper, the characteristic of traffic flow on highway is analyzed firstly. According to Catastrophe Theory, the function of occupancy time and volume is established. Then a highway traffic incident detection method based on Lipschitz exponent is advanced by using Wavelet Theory, whose core is to judge the singular points of traffic flow accurately. When the value of Lipschitz exponent is near to "one", the singularity character of traffic flow function is in the pink and the probability of traffic incident is more. Take the data of Changchang-highway as an example, the superiority of the new method advanced is testified. The result shows that the effectiveness of the detection method is better.
II. ANALYSIS ON TRAFFIC FLOW CHARACTER AFFECTED BY INCIDENT
If some section in the highway happen traffic incident, the capacity would reduce at once. If the capacity is little than the traffic demand, the traffic flow would be influence and form occasion congestion. The state of traffic flow in the upper and lower section would be unusual: the upper velocity of the traffic flow would reduce because of congestion; the lower velocity of the traffic flow would increase because of the decrease of the capacity. And the traffic volume in the lane happen traffic incident would reduce and the volume in other lance would increase. The occupancy time of the upper section of the highway would increase while the occupancy time of the lower section of the highway would reduce. Volume, velocity and density are the basic parameters in the traffic flow theory. The value of they would be very small, even zero, in some region. We could call this phenomenon is data slit phenomenon, according to Ref. [7] , which is shown in Fig. 1 : At the beginning of the incident, the data points of volume and occupancy time would move from the narrow and smooth region to the congestion region and the velocity would reduce by leaps and bounds. While at the end of the incident the data points of volume and occupancy time would move from the congestion region to the smooth region and the velocity would increase to the smooth value at once. because they could reflect the degree of congestion directly. The function named collection of branches in Cusp catastrophe theory is used to establish the relation function between the occupancy time and velocity to describe the discontinuous data slip phenomenon. The function named collection of branches could be written as the following equation (1) 
In which, q is the traffic volume; k is the occupancy time; d and b are the coefficient.
IV. TRAFFIC INCIDENT DETECTION ALGORITHM BASED ON LIPSCHITZ EXPONENT

A. Fundamental Principles
The main task of traffic incident detection could be completed by analyzing the influence on traffic incident from traffic flow. If the data slip on occupancy time and volume could be magnified and the singular point could be found, the actual time and place happen traffic incident could be assured.
and ) (t ϕ is wavelet function, so the wavelet transform could be expression as the equation (3) based on Ref. [9] :
In which,
is the conjugate function with ) (t ϕ ; a is the scale factor; τ is the shift factor;
is the wavelet parameter, and its convolution could be written as the following:
If the wavelets function is the first-order derivative or second-order derivative of low-pass smooth function ) (k θ , the following could be got:
is the infinitesimal of higher order. The function ) (q θ could be written as the following:
So the wavelet transform could be written as the following:
Formula (7) could be expressed as the following, too:
So the traffic incident detection could be completed by calculating and analyzing the zero value and the modulus maximum of wavelet function.
B. Detection Algorithm
The Lipschitz exponent is chosen as the index to complete the traffic incident detection, which could describe the singularity of function. And its definition is the equation (9), according to Ref. [10] : Set n is an integer and 
The wavelet parameter could be written as the following by wavelet transform: 
So the formula (13) could be written as:
The index α Lipschitz in the above formula could be calculated by Least Square Method in Ref. [13] , and the degree of singularity is the max value of gradient of the line above ) , ( log q s WT in the figure.
V. CASE STUDIES
Take the data coming from Changchang Highway on Jan.2, 2008 (Wednesday) as an example. There are 2016 data together, and which is got every 5 minis. Some samples are shown in Table 1 .
A. Model Standardization
The Catastrophe Model is standardized based on the data like in Table 1 . And the results is shown in Table 2 
B. Algorithm Testing
Changchang-Highway is divided into 22 sections from the east to the west and there are 0.25 kilometers not involved in the detection from the east. In the course of detection, 115 incidents are detected, the false number is 12 times, and the detection rate is 90.5%, the time delay is 12mins. We could forecast the false alarm rate is only 2.1% when the detection rate is 95%. The comparative result is shown in Fig 2 among neural network algorithm, California algorithm, low pass filtering algorithm and Lipschitz exponent algorithm. From the results, we could know Lipschitz exponent algorithm is better than others: when the false alarm rate is low, the effecting of the four algorithms is at the same level. But the false alarm rate of neural network algorithm, California algorithm and low pass filtering algorithm is higher than the value of Lipschitz exponent algorithm as the increasing of detection rate, obviously. The false alarm rate of the above algorithm is 4.75%, 6.91% and 3.09%, and the time delay is 17mins, 43mins and 26mins, relatively. From the Tab.3 and Tab.4, we could know that the congestion is formed at 23:35 on the section of NO.10 and NO.11 in Changchang-highway, in the influence of traffic incident, because the value of Lipschitz exponent reduces to 1.104 and 1.008 from 2.017 and 2.193, relatively. And the value of Lipschitz exponent reduces to one nearly at the moment, so the points are signify points.
Then the congestion is in the pink at 23:40-23:45 because the value of Lipschitz exponent reduces further to the lowest value. And the congestion expands to NO.9 section onwards and NO.12 section backwards. At 23:50, the congestion begins to dissipate because the value of Lipschitz exponent begins increasing, so the traffic incident is made peace at the most. There is not congestion at 23:55 and the traffic flow is in normal.
The detection results in different scale index are shown in Tab.5. From the table, we could know that the value of scale index could change the value of Lipschitz exponent, That is to say, the scale index could affect the alarm time and sensitivity in the traffic incident detection algorithm. But it could not change the alarm place. As the increase of scale index, the sensitivity would increase, too.
VI. CONCLUSIONS
How to detect the traffic incident accurately is researched by Lipschitz exponent based on the data slip phenomenon from traffic flow. The followings could be got:
1) It is necessary to establish Catastrophe Model for traffic flow because the data information of traffic flow has data slip in the influence of traffic incident. The Catastrophe Model established could describe the character better.
2) The detection algorithm based on Lipschitz exponent could detect the time and place of traffic incident accurately. When the detection rate is 95%, the false alarm rate is only 2.1% and the time delay is 12mims. It is better than most other algorithms.
3) The scale index could only affect the alarm time and sensitivity in the traffic incident detection algorithm. But it could not change the alarm place. As the increase of scale index, the sensitivity would increase, too. 
